A female platypus Ornithorhynchus anatinus was intensively monitored with the use of video equipment in captivity at Healesville Sanctuary, Victoria, Australia to record feeding and behavioural changes that occurred as a result of only the second successful raising of young platypus (twins) in captivity. These results revealed the female to be inactive (not leaving the burrow) for periods up to 6 days, and mating occurred 15±21 days before eggs were laid. The nest was built over 5 nights between 5 and 9 days before the eggs were laid. The eggs were thought to have been laid during a 4-day period when the female was con®ned to her burrow. Once the eggs were laid there was a slow initial rate of feeding which sharply rose 20 days after the eggs were laid. The ®rst time the female spent a day away from the young was 39 days after the eggs were laid, after which she decreasingly nested with them until she spent only 8% of the time with them when they emerged from the burrow, 131 and 136 days after the eggs are thought to have been laid. She rarely went in the nest after day 155, suggesting that the lactation period is c. 135±145 days, assuming 10 days for incubation. The time of emergence also corresponded with the peak in the female's food consumption, which correlates well with the high demands of late lactation, with the daily food intake reaching c. 90±100% of body weight 140 days after the eggs are thought to have hatched. This captive breeding of the platypus has provided the ®rst records of the gestation period, food consumption in relation to breeding stage, the time the female spends with her young during their development, and a partial growth curve of developing platypus.
INTRODUCTION
Platypuses Ornithorhynchus anatinus have been recorded as being held in captivity on numerous occasions since 1848 (Verreaux; cited in Burrell, 1927) . Animals have subsequently been held by Bennett (1860) and Burrell (1927) who seem to have been the ®rst to display them to the public in Australia at the Sydney Zoological Gardens (then at Moore Park, before its move and when it became Taronga Zoo). Platypuses were ®rst sent alive overseas in 1913 when two animals were sent to Budapest Zoo (Collins, 1973) . A subsequent animal was transferred in 1922 to New York Zoological Park where it lived for 49 days and was on display for 1 h/day (Burrell, 1927) . The only other platypuses sent overseas were in 1947 and 1958 when a male and two females were sent (on each occasion) to the New York Zoological Society (Fleay, 1980) . The ®rst long-term maintenance and display of platypus occurred at Healesville Sanctuary, Victoria, Australia in 1932 wheǹ Splash' was kept for several years (Eadie, 1935a) . However, throughout all of this time little effort was spent attempting to breed platypus until Fleay (1944) successfully bred a platypus in the summer of 1943±44 at Healesville Sanctuary. Although platypuses have since been maintained for extended periods in a truly captive environment, successful breeding has been very rare. From when platypuses were ®rst taken into captivity until the 1998±99 breeding season, captive platypus had only been bred successfully on the one occasion mentioned above.
A number of behaviours have been observed previously in captivity, including social behaviour, activity patterns, dominance, mating behaviour and even the collection of nesting material (Hawkins, 1998; Hawkins & Fanning, 1992) . None of these observations, except those of Fleay (1944) , when an individual was successfully bred, and Fleay (1980) , when he found a dead nestling (c. 50 days old) at the burrow entrance, has recorded the successful birth of young. The recent successful captive breeding of the platypuses at Healesville Sanctuary and the continual monitoring of the female throughout the breeding season allowed a detailed examination of the complete sequence and repertoire of reproductive behaviour. This paper examines the breeding behaviour of a pair of captive platypuses that resulted in the ®rst successful breeding of this species in captivity in 55 years.
METHODS

Animal information
The two platypuses, female`Koorina' and male`N', were collected in Badger Creek, which runs through Healesville Sanctuary, in March and May 1991, respectively, and housed together. They were both considered to be juveniles based on their body weights, the development of the spurs in the male and the presence of spurs in the female. Since their capture, they have been held together in the present breeding facility (Fig. 1 ) except for 6 months in 1995 when they were housed in the Sidney Myer World of the Platypus exhibit at Healesville Sanctuary. At the beginning of the 1998±99 breeding season both individuals were 8 years old.
Between 1991 and 1993 there was little or no noticeable difference in the interactions between N and Koorina during the breeding or non-breeding season. At 2 years of age (1992) , N seemed to become more agitated by struggling more and occasionally growling and trying to spur when handled for weighing in spring, but the difference was very subtle. In 1994, from xF rollnd nd F wF tkson 280 24 September to 3 October there was some interest from Koorina and a number of instances of gentle nuzzling and tail holding using the bill. This breeding behaviour dramatically decreased in frequency and intensity after 3 October and N's interest waned after 7 October. In 1995, dirt was added to 1 of the tanks and Koorina was given access to this area for 2 weeks before N was allowed in (see Fig. 1 for location of tanks, tunnels and nest boxes). This delay meant that N and Koorina were not given access to each other until 16 September 1995, which was later than previous years, and although Koorina did show some interest there was less mating behaviour than in 1994. In 1996, some mating behaviour was observed including gently nuzzling each other's bill, circling each other, and the male was observed to hold the female's tail with his bill on several occasions from 4 to 10 October. No mating behaviour was observed at all in 1997.
Housing
The breeding pair of platypuses was held in an offdisplay facility at Healesville Sanctuary, Victoria, Australia (Fig. 1) . This facility comprised a series of feeding tanks that range in size from 2 circular galvanized tanks that have a diameter of 3 m, to 3 rectangular tanks that range in size from 1 to 1.5 m wide, 3 to 5 m long and 0.2 to 0.5 m deep. A series of tunnels of either wood (inside dimensions of 150 mm wide 6 150 mm high) or PVC (150 mm diameter) connected the feeding tanks to each other and to each of the 8 nest boxes. The plywood nest boxes, housed in the sheds, had inside dimensions of 70064006500 mm high and were ®lled with sea grass, which was used by the platypus as nesting material.
Four nest boxes were also provided buried in an enclosed area ®lled with soil. The soil surrounding the nest boxes acted as insulation against temperaturē uctuations, outside noise and loss of moisture, therefore creating a humid environment. In addition to the nest boxes, an earth bank was also provided, which was in a circular galvanized tank similar to those used as feeding tanks. This tank had soil c. 700 mm deep consisting of a mixture of 70% clay and 30% sand that provided stability to the soil. This whole area was covered by weldmesh wire to stop the platypuses escaping and other animals such as brush-tailed possums Trichosurus vulpecula and water rats Hydromys chrysogaster entering. The tank (and the other feed tanks) was exposed to the weather and any growth of vegetation was left to establish to assist in maintaining the stability of the soil.
Diet and husbandry
The platypus were each provided with at least 20±30 yabbies Cherax destructor (small freshwater cray®sh that each weighed c. 30 g), 40 g¯y pupae, 50 g mealworms and 60 g of earthworms per day. When available, they were also given 60 g tubifex worms and/ or 20 g crickets. Given the generally solitary nature of this species, the food was placed in tanks 2 and 3 so that each individual could feed separately if they wanted to (Fig. 1 ). An excess of food was always provided and increased if consumption increased, with 50±60 yabbies being provided to Koorina per day during late lactation. Further details of the feed tanks, tunnels, nest boxes, diet and husbandry are found in Krueger, Hunter & Serena (1992) .
Animals were weighed every day until they were seen mating on 7 November 1998. Feed tanks were emptied and cleaned daily and the food consumption was estimated by collecting leftovers in a basket in a sump at the end of each feeding tank. Until 4 days before the eggs were laid, the amount of food consumed was recorded as 1 amount for N and Koorina as the male also often fed from the same tank as the female. After this time when the male was separated from the female, more accurate records were able to be determined for Koorina as she was then housed by herself.
Observational data recorded
Before the breeding season, video cameras using infrared lights were installed in the 2 feed tanks that allowed c. 80% of the tank to be viewed, the smaller rectangle feed tank (c. 100% in view) and a small section of the earth bank, including the entrance to this area (c. 20% in view). Video monitoring of the nest boxes, tunnels or inside the earth bank was not possible. Knowing where each animal was sleeping was determined by ®nding them for daily weighing.
Video monitoring began in late August 1998 to observe the reproductive behaviour of the platypus. During this time the videos were set to record from dusk until dawn (actual time 17:00 to 08:00) each night. The tapes were viewed the following day and signi®cant behaviours (such as interactions, mating, nest building) and the times the male, female and young were in the water feeding or doing other behaviours were recorded. The different behaviours and events were recorded in relation to the ®rst day that the female went into her nest to presumably lay eggs. Therefore all days before this are recorded as negative and those after this date are recorded as positive.
Growth of the young was not able to be determined from hatching until emergence, however once each animal emerged, regular weighing was undertaken to determine post-emergence growth.
RESULTS
On days 90 to 85 (25±30 August 1998) Koorina was inactive (did not leave the burrow) and did not feed (Table 1) . She then fed normally until days 74 to 71 when she again did not appear and was inactive. From day 70 until day 28 there was no interaction between Koorina and N and no activity from Koorina on day 33. After day 27 Koorina seemed to encourage N to follow her from the tank he was in by going to the entrance of the tank he was feeding in, and when he came over to her she then went to tank 5 to which he followed. It was not until day 18 that courtship behaviour was observed, which included following each other in tight circles and the male grabbing the tail of the female in his mouth. These activities culminated in two observed matings on day 17 (04:42 and 06:50), one on day 16 (03:12) and ®ve on day 15 (00:44, 00:51, 04:54, 06:15 and 07:16) (6±8 November 1998). All the matings occurred in tank 5 and involved the male being curled up behind the female. On day 14 Koorina was not observed, with normal behaviour observed on day 13 and feeding during the day observed on days 12 to 10. During days 9 to 5 (14±18 November 1998) c. 20 l of nesting material (in the form of fresh and dry grasses and eucalypt leaves that included long-leafed box Eucalyptus goniocalyx and manna gum E. viminalis, grasses and fern fronds) was added to tank 5, which did not contain food and was not cleaned daily. The nesting material offered¯oated on the surface of the water and all of it, except the grass, was taken by her and carried between the hind legs and curled up tail, except on day 5 (which was the last day that nesting material was collected), when only half the leaves offered were taken. Koorina showed a preference for eucalypt leaves, as these were taken ®rst and the grass was taken secondarily. In subsequent encounters between Koorina and N on day 4, which was the ®rst time that they had seen each other since the last mating on day 15, they showed no interest in each other. As a result, N was separated from Koorina and he was given access only to tank 6 and the nearby nest boxes, while Koorina was given access to tanks 3 and 5 and the earth bank. Between days 0 and 4 (23±27 November 1998), Koorina was not observed and was thought to be laying eggs. This suggests a gestation period of between 15 and 21 days. When she emerged for 30 min on day 5 she looked very placid, ate very little and groomed greatly, particularly over her abdomen. On day 6, she did not emerge, with further grooming and no food eaten during a 38-min outing on day 7, followed by 3 more days in the nest (days 8±10). The amount of time spent active and feeding rapidly increased (though there were several more days with no activity on days 13 and 19), with c. 900 g or 90±100% of her body weight being eaten in food during late lactation at 150 days after the eggs hatched (Fig. 2) . This compares to a pre-and postlactation food consumption of c. 200±300 g or 20±30% of the body weight in food per night (Fig. 2) .
On day 39 (1 January 1999) Koorina, for the ®rst time since day 1, did not spend the day in the burrow with the young. When not sleeping in the burrow with the young during the day, Koorina would either visit them (presumably to feed them) in the late afternoon or early evening for several hours, then feed herself or feed herself ®rst and then the young, though there was no pattern to this. Throughout the lactating period Koorina spent most of the time sleeping with the young during the day so it was often not possible to determine how much of that time was spent feeding the young.
After day 39, Koorina decreasingly nested with the young until she spent c. 8% of the time with them at the time of emergence from the burrow, and rarely went in the nest after day 155 (Fig. 3) . The ®rst young to emerge was a male (Yarra Yarra) on day 131 (3 April 1999) at 22:53, and when he made his ®rst swim on day 134 between 18:51 and 23:11, he was caught at 19:36, checked by veterinary staff, weighed (551 g) and measured (body length 37 cm long) before he was returned at 20:40. Initial observations revealed dysfunction in the right hind leg, but X-rays taken of this leg revealed no obvious problems. The second young, also a male (Barak), ®rst emerged on day 136 (8 April 1999 or morning of 9 April 1999) at 01:57. This was also the ®rst day that Yarra Yarra and Koorina swam together. Barak was caught on day 138, weighed 912 g and was 39 cm long. The maximum food intake of Koorina reached a peak of c. 900 g (compared with her normal body weight of 1000 g) shortly after the emergence of the young. Some of this food consumption included that of Barak and Yarra Yarra though they were not yet feeding on large food items such as yabbies. After this time, Koorina's food consumption rapidly decreased to its normal level of c. 200±300 g/night by about day 180.
On day 155, Barak was separated from his mother and brother into tank 2 and moved to the display exhibit on day 172, which was when Yarra Yarra was moved to the tank that Barak had just been moved from. Yarra Yarra was then moved on to display on day 179. Koorina and N were allowed access to each other again on day 197.
Koorina was caught and weighed for the ®rst time since the young were born on day 138 (10 April 1999) and her mammary glands were examined while she was conscious. The mammary glands were very well developed in two parallel raised areas down either side of the ventral surface of her body, although no oxytocin was given to see if she was lactating. At day 158 (30 April 1999) the mammary area had decreased in size and was similar in size to that before the breeding season.
Of the two young platypuses, Barak was clearly larger and more advanced than his brother and quickly put on weight (Fig. 4) . In contrast, Yarra Yarra had dif®culties walking because of problems with his right hind leg. He made some initial increases in body weight that plateaued at 700 g (at day 191), at which time his fur was becoming very matted on the right side of his back, as he was unable to adequately use his right hind leg for grooming. At 206 days, his weight began to steadily decline despite intensive efforts that included vitamin injections, steroids, antibiotics, glucose and a blood transfusion from an unrelated male platypus, after he was found to be anaemic. On day 249, he was found dead at 07:30. A post-mortem revealed arthritis in his right back leg, possibly caused by a fracture through the hip, which probably occurred before emergence. Further examination revealed a poorly developed thyroid, resulting in hypothyroidism, which caused poor growth and anaemia (P. Holz, pers. comm.).
DISCUSSION
The observations of Koorina spending up to 6 days inactive (not leaving the burrow) was unusual in that she had never shown signs of this before 1998 and that it occurred at a warmer part of the year in August, September and October. As early as 1835, observations xF rollnd nd F wF tkson 284 Fig. 3 . Amount of time the female platypus Koorina spent in the nest, feeding or elsewhere throughout the 1998±99 breeding season. Nest, when Koorina was thought to be feeding the young; feeding, time spent feeding herself in the tanks; elsewhere, time spent in the nest boxes or arti®cial tunnels.
by Bennett (1835 Bennett ( , 1860 and Burrell (1927) suggested that platypus may hibernate as they found them more abundant in spring and summer. Subsequent observations indicating torpor were made by Eadie (1935a) over three periods of c. 75 h each (c. 3 days), that were observed in the coldest months of the year in June and July (1933) . However, no repetition was observed in the following year. Eadie (1935b) made several further observations which led him to suggest that platypus spend a considerable part of the winter months in hibernation, however he did not measure body temperature. More recent ®eld observations using radiotelemetry have revealed periods of inactivity from 3 to 6.5 days in late May to June (Serena, 1994) . Captive observations since have shown that periods of up to 8 days are spent inactive (e.g. Fleay, 1980) . Field observations in alpine areas in winter where snow and ice occur, strongly suggest the occurrence of torpor or hibernation is unlikely as no evidence of hibernation or even brief periods of torpor was observed when using body temperature probes (Grigg et al., 1992) . Therefore, it seems that although periods of inactivity, or not leaving the burrow, occur in platypus (mostly during the colder months) it is unlikely that torpor or hibernation occurs.
The pre-mating and mating behaviour observed during this study was similar to that observed by previous studies. Pre-mating behaviours included an increase in body contact, the male biting the female's tail and following and tight circling, which have been observed previously in captivity by Fleay (1944) , Strahan & Thomas (1975) and Hawkins & Fanning (1992) . Similar observations have been made in the wild by Verreaux (1848; cited in Burrell, 1927) , Burrell (1927) and De-La-Warr & Serena (1999) . Mating behaviour involved the male approaching from behind and curling his tail underneath the female while his chest rested on her back, as previously described by Fleay (1944) , Strahan & Thomas (1975) and Hawkins & Fanning (1992) . Although there has been pre-mating and mating behaviour observed previously, only Fleay (1944) had seen this behaviour in relation to the full cycle of birth and development of the young.
The timing of events relative to the egg laying in the breeding of platypus in this study when compared with that in 1943±44, when the platypus named Jill bred, are generally similar, although events were c. 1 month later in this study ( Table 2 ). The largest difference was that Jill was inactive considerably more times (14 occasions in all), which ranged from 1 to 8 days and occurred in late May to the beginning of September 1943. In contrast, Koorina was inactive for only 2 periods over the equivalent time in 1998, though she also had a third inactive period in late October. The estimated time between mating and egg laying in Jill and Koorina was similar. For Jill the estimate was 15 days, and for Koorina it was 15±21 days. This suggests that the gestation period is 15±21 days. Estimates of gestation period for platypuses have previously not been made. However, studies on wild echidnas suggest that females have a gestation period of c. 27 days (Grif®ths, 1978) . More recent studies of echidnas suggest that their gestation period is 23 days (Rismiller & McElvey, 2000) , which is similar to the estimate for Koorina in this study.
Nest building was observed earlier with Koorina relative to egg laying, and she built her nest over ®ve nights between 5 and 9 days before egg laying, compared with 1 day of nest building by Jill 3 days before laying eggs. The periods in the nest when the platypuses were thought to be laying the eggs were very similar between the two studies, with the suggested egg laying period occurring over 4 days, though 1 month later with Koorina. Jill and Koorina subsequently disappeared on days 7, 9±10, 13 and 6, 8±10, 13, 19, respectively. The young then emerged 123 days after egg laying for Jill and 131 and 136 days for Koorina (Table 2) .
The growth and development of the larger healthier platypus in this study was similar to that suggested by Grant & Temple-Smith (1998) , who found that recently emerged juvenile males had a mean body weight of 779 g and a length of 41.2 cm, compared with Barak who had an emergence weight of 912 g and a total body length of 39 cm. These measurements are considerably more than those recorded for the poorly developed Yarra Yarra who weighed 551 g and was 38 cm long when he ®rst emerged.
From observations in the wild, Grant & Grif®ths (1992) have suggested that lactation lasts for c. 3±4 months. This contrasts with the observation of this and Fleay's (1944) study, which suggest a lactation period of c. 140±150 days or 5 months, assuming an incubation period of c. 10 days (Grif®ths, 1978; Rismiller & McKelvey, 2000) .
The typical food consumption of Koorina at the corresponding time of year when not breeding, is c. 200± 300 g/night or 20±30% of her body weight (1000 g). This is similar to observations made by Kruger et al. (1992) who found that food consumption varied between 15% and 28% of the body weight/night throughout the year. Similar observations were made by Munks et al. (2000) who estimated platypus to consume 19% of their body mass in food per night. The food intake by Koorina during late lactation, which reached c. 900 g or 90±100% of her body weight, indicating the enormous energy requirements during late lactation.
Since the ®rst reproductive activity was observed in captivity in the spring of 1943 by Fleay (1944) , the age at which reproductive events such as mating, nestings, egg laying and hatching of young have ranged greatly with age in captivity ( Table 3 ). The minimum age of a female who successfully produced young was 2 years of age, though the young nestling was found dead at the entrance to the nest (Fleay, 1980) . However, on two other occasions, the females were 6 and 8 years of age, respectively. Although there are several records of females showing reproductive behaviour from 2 years of age, the mean age for the female to be involved in any type of reproductive behaviour was 6.2 years (Table 3) . In contrast, observations of wild platypus suggest that females can ®rst breed when they are c. 2 years of age, though some do not breed until their fourth year, and it has been reported that platypus can breed up to at least 13 years of age (Grant, Grif®ths & Leckie, 1983; Grant & Grif®ths, 1992) . Therefore, it seems that although they have the potential, platypus in captivity generally do not show reproductive behaviour until much later than they do in the wild.
When attempting to breed platypus in captivity, it seems that females and males should ideally be brought into captivity as young as possible. This appears to make their transition to captivity easier as they are less likely to have an established home range. Once in captivity, they should also be paired as soon as possible to allow them to familiarize themselves with each other.
In order to successfully maintain platypus, it is important to consider factors such as their poor ability to adapt to changes, including moving to new enclosures or handling by different people. At Healesville Sanctuary, the same two keepers look after the animals throughout the year. As part of the daily routine, outside the breeding season, each individual is caught xF rollnd nd F wF tkson 286 Table 2 . Comparison of breeding activity between Koorina (this study) and Jill (1943±44) 
